Microphthalmia transcription factor (MITF) is a basic helixloop-helix leucine zipper (bHLH-Zip) DNA-binding protein (17) . Its gene resides at the mi locus in mice (19) , and mutation of this gene results in deafness, bone loss, small eyes, and poorly pigmented eyes and skin (32) . The primary cell types affected in MITF-deficient mice are mast cells, osteoclasts, and melanocytes (32) . In humans, mutation in this gene causes Waardenburg syndrome type II (40) . MITF regulates the expression of mouse mast cell protease 6 (mMCP) (35) , mMCP5 (33) , c-Kit (20) , p75 nerve growth factor (33) , granzyme B (9), and tryptophan hydroxylase (21) . MITF regulates gene transcription by binding to E-box-type enhancers in the 5Ј-flanking regions of MITF-responsive genes (35) . Like many other DNA-binding proteins, the transcription-enhancing activity of MITF is influenced in a complex manner by an array of different intracellular proteins. We previously identified two MITF-interacting proteins, PKCI/Hint (37) and PIAS3 (27) , by using the yeast two-hybrid system with the bHLH-Zip domain as a bait. These two MITF-associated proteins were shown to be repressors of MITF transcriptional activity (27, 37) . We have also shown by pull-down assay and by using cells derived from MITF truncated mice (di/di) that the MITF Zip domain plays an essential role in the interaction between MITF and PIAS3 (28) .
Three serine sites for MITF phosphorylation have been reported (14, 42, 46) . Phosphorylation of S73 (14) and S409 (46) occurs as a result of kit ligand stimulation and activation of mitogen-activated protein kinase and Rsk-1, respectively. These serine sites are of interest since, upon their phosphorylation, MITF transcriptional activity is upregulated, and this phosphorylation also serves as a signal for the degradation of MITF by ubiquitin-dependent proteolysis in melanocytes (46) .
In our previous study, we observed that phosphorylation of MITF at S73 and S409 plays a major role in its association with PIAS3 (28) . This effect was profound with the phosphorylation of MITF on S409, which significantly reduced PIAS3-mediated inhibition of MITF transcriptional activity.
STAT3 is involved in signal transduction pathways that are activated by the interleukin-6 (IL-6) family of cytokines. It is tyrosine phosphorylated by janus kinase (JAK), translocates as a dimer into the nucleus, and activates specific genes (4). STAT3 signaling has been shown to prevent programmed cell death and enhance cell proliferation through regulating genes such as Bcl-XL, Mcl-l, c-Myc, and cyclin D1 (1, 3, 10, 39) . Targeted disruption of the mouse gene encoding STAT3 leads to early embryonic lethality (41) . It is interesting that the human mast cell line HMC-1.1 harbors a single V560G mutation in the kit receptor that causes constitutive phosphorylation and therefore the activation of the JAK/STAT pathway (29) . Since PIAS3 was identified as an inhibitor of both activated STAT3 and MITF, its interplay between these two proteins is of great importance. In the present study, we report that the MITF-PIAS3-STAT3 network of interactions is mediated by the cytokines IL-6 and stem cell factor (SCF).
MATERIALS AND METHODS
Mice. Mouse colonies were established from transgenic mice (MITF sp/sp and MITF sp/di ) kindly provided by Lynne Lamoreux from the College of Veterinary Medicine, Texas A&M University. The MITF encoded by the mutant mi di allele is lacking the Zip domain (13) due to a C-to-T transition in exon 8 at position 916, which introduces a premature stop codon between the bHLH and the leucine zipper domain.
Cell culture and treatments. B16 melanoma cells and NIH 3T3 cells were cultured and maintained in a growth medium containing Dulbecco modified Eagle medium, 10% fetal calf serum, 2 mM L-glutamine, 2 mM nonessential amino acids, 100 g of penicillin/ml, 100 g of streptomycin/ml, and 50 M ␤-mercaptoethanol.
Femoral bone marrow cells derived from mice were cultured in IL-3-containing medium for 3 weeks to generate bone marrow-derived mast cells (BMMC) as previously described (36) . All of the cells were grown in a humidified incubator at 37°C with 5% CO 2 .
Cells were stimulated with a chimeric molecule of IL-6/IL-6 receptor (IL-6R) kindly provided by Michel Revel (Weizmann Institute, Rehovot, Israel).
Biotechnology, Santa Cruz, Calif.) prebound to 15 mg of protein A/G agarose (Pierce) and incubated with agitation overnight at 4°C. Recovered immune complexes were washed three times with lysis buffer.
Gel electrophoresis and Western blots. Proteins were resolved by SDS-10% polyacrylamide gel electrophoresis (PAGE) under reducing conditions and transferred to 0.45-m-pore-size nitrocellulose membranes. Blots were probed with anti-phosphoserine, anti-PIAS3, anti-MITF, anti-RSK, or anti-STAT3 antibody (Santa Cruz). Visualization of reactive proteins was done by enhanced chemiluminescence (27) .
Indirect fluorescence immunocytochemistry. NIH 3T3 or B16 melanoma cells were cotransfected with GFP-PIAS3, Flag-tagged STAT3 (wild type or mutants), and MITF. Cells were grown on glass coverslips in six-well plates. After extensive washing with PBS, the cells were fixed with 1.5 ml of 3.7% formaldehyde in PBS for 10 min. The fixed cells were then washed with PBS and permeabilized with 1.5 ml of Triton X-100 diluted 1:2 with PBS containing 7.5 mg of bovine serum albumin. After 45 min of blocking with normal donkey serum, the cells were stained with mouse anti-MITF and rabbit anti-Flag antibodies, followed by the addition of rhodamine-conjugated goat anti-mouse immunoglobulin G (Jackson Immunoresearch) and Cy5-conjugated goat anti-rabbit immunoglobulin G. Fluorescence analysis was performed by using the Zeiss LSM 410 confocal laserscanning system connected to a Zeiss Axiovert 135M microscope. The green fluorescence of GFP-labeled PIAS3 was excited with argon laser (488-nm excitation line with 515-nm long-pass barrier filter). Rhodamine-conjugated goat anti-mouse was excited with a helium-neon laser (543-nm excitation line with a 570-nm long-pass barrier filter). Cy5-conjugated goat anti-rabbit antibody was simultaneously excited with a helium-neon laser (633-nm excitation line).
Statistical image analysis. The software we used was written in MATLAB, mainly by using the image-processing tool. Each color image was split into its three components: red, green, and blue. The software enabled us to select an identical area of interest in all three components for statistical comparisons. We compared the color distribution of the three components, selecting the nucleus versus the entire cell. In each we measured the color by calculating the integral or the area below the histogram plot of the gray level intensities of the pixels in the selected areas.
Real-time quantitative PCR. MITF-and STAT3-responsive genes were measured by using real-time quantitative PCR. Total RNA was extracted from BMMC and B16 melanoma cells, and mRNA levels of various genes were quantified by measuring SYBR-Green incorporation (SYBR-Green PCR Master Mix; Applied Biosystems, Foster City, Calif.). SYBR-Green incorporation into double-stranded DNA permits the direct detection of PCR product after each amplification cycle (ABI Prism 7000 Sequence Detection System; Applied Biosystems). The genes whose mRNA levels were quantified by real-time PCR were as follows: ␤-actin; STAT3 target genes Bcl-XL, VEGF, and c-Myc; and MITF target genes Bcl-2, c-Kit, and tryptophan hydroxylase.
RESULTS
Characterization of the domain(s) in PIAS3 that directly associates with MITF and STAT3. We previously showed a direct association between MITF and PIAS3 by using an in vitro pull-down assay (27) and found that the Zip domain of MITF is responsible for the direct interaction between these two proteins (28) . In the present study, the same system was used in order to identify the regions in PIAS3 that are responsible for its interaction with MITF and STAT3.
PCR fragments coding for the various domains of PIAS3 (D1, amino acids 1 to 143; D2, amino acids 144 to 286; D3, amino acids 287 to 443; and D4, amino acids 443 to 585) were used for this purpose (Fig. 1A) . MITF and STAT3 were expressed in bacteria as GST fusion proteins, immobilized on glutathione-Sepharose beads, and assayed for their ability to retain the in vitro-translated PIAS3 domains labeled with
The results clearly show that domains D1 and D2 of PIAS3 are responsible for the direct interaction with both MITF and STAT3 (Fig. 1B) . We went on to determine smaller fragments in these motifs that have the ability to associate with MITF and STAT3. Domain D5 (amino acids 82 to 156) was found to be the smallest fragment that can interact with both MITF and STAT3 (Fig. 1C ). All PIAS3 domains tested were associated only with GST-MITF or GST-STAT3 but not with the control GST. The specificity of the binding was determined by using in vitro-translated D5 as a potential competitor with the fulllength PIAS3 for binding to MITF and STAT3. Both D5 and full-length PIAS3 were in vitro translated, whereas only fulllength PIAS3 was labeled with [ 35 S]methionine (Fig. 1D) . As a control we used the unlabeled D4 domain. The results clearly show that both MITF and STAT3 interact specifically with the same fragment (D5) of PIAS3.
Effect of IL-6/IL-6R on the association between MITF and PIAS3. It was previously reported that the chimeric protein of IL-6 and its receptor (i.e., IL-6R) could mimic the effect of IL-6 alone by binding to the transmembrane receptor gp130 of the B16 melanoma cell line (24) and thus activate the intracellular signaling cascade, the JAK/STAT pathway and the mitogen-activated protein kinase pathway (15) . Therefore, the effect of IL-6/IL-6R on MITF phosphorylation was determined in a system in which NIH 3T3 cells were transfected with MITF or its mutants: S73A, S409A, and S73/409A. These mutants could not be phosphorylated at the site of mutation. Cells were stimulated with IL-6/IL-6R for 15 min and lysed, and MITF was immunoprecipitated and immunoblotted with anti-phosphoserine antibody. As shown in Fig. 2A , an increase in serine phosphorylation of MITF was observed in cells transfected with either wild-type MITF or the S73A-MITF or S409A-MITF mutants, whereas cells transfected with the double mutant S73/409A-MITF did not show any increase in phosphorylation. Therefore, we concluded that S409 on MITF is phosphorylated upon stimulation of NIH 3T3 cells with IL-6/IL-6R.
In our previous study we showed that phosphorylation of MITF at S409 can lead to dissociation between MITF and its transcriptional inhibitor PIAS3 (28) . In order to determine whether IL-6/IL-6R treatment, which leads to the phosphorylation of MITF at S409, causes dissociation between these two proteins, we transfected NIH 3T3 cells with MITF (wild type or S409A), together with PIAS3, and stimulated the cells with IL-6/IL-6R. The cells were then lysed, immunoprecipitated with anti-PIAS3 antibody, and immunoblotted with anti-MITF antibody. A significant decrease in the association between PIAS3 and MITF was observed only in IL-6/IL-6R-activated cells that were transfected with wild-type MITF (Fig. 2B) . No dissociation between MITF and PIAS3 was observed in activated cells that contained S409A-MITF mutant. Stripping of the membrane and reprobing with anti-PIAS3 antibody revealed a similar amount of PIAS3 bound to the beads. Also, the same amount of MITF was detected in each of the trans- fected cells, as revealed by probing the lysates with anti-MITF antibody as a control. Therefore, we concluded that activation of cells with IL-6/IL-6R resulted in the dissociation of PIAS3 from MITF via phosphorylation of MITF at S409. To quantitatively assess the role of IL-6/IL-6R treatment on the transcriptional activity of MITF, NIH 3T3 cells were cotransfected with a luciferase reporter plasmid containing the mouse mMCP6 promoter and with either MITF or its S409A-MITF mutant. The transcriptional activity of MITF was determined as the relative luciferase activity in cells with or without IL-6/IL-6R activation. No significant change in activity was detected regardless of whether the cells were transfected with MITF or its mutant (Fig. 2C) .
The role of IL-6/IL-6R, if any, on PIAS3-mediated inhibition of MITF transcriptional activity was then determined from the relative luciferase activity (Fig. 2D) . Treatment of cells with IL-6/IL-6R for 6 h caused a significant decrease in the ability of PIAS3 to inhibit MITF transcriptional activity compared to untreated cells. This decrease was much less in IL-6/ IL-6R-activated cells that were transfected with S409A mutant. Similar protein levels of transfected MITF are shown as control.
In summary, the data suggest that IL-6/IL-6R treatment induced signal transduction that caused phosphorylation of MITF at S409 and its dissociation from PIAS3.
Effect of mutation of MITF at S409 on PIAS3-STAT3 association. NIH 3T3 cells were transfected with STAT3, PIAS3, and with or without MITF (wild type or S409A). The lysates were immunoprecipitated with anti-PIAS3 and then immunoblotted with anti-STAT3. In cells that were not transfected with MITF, as in wild type-MITF-transfected cells, an increase in the association between STAT3 and PIAS3 was observed after IL-6/IL-6R treatment (Fig. 3A) . This was in contrast to cells that were transfected with the S409A-MITF mutant, in which no such increase, was observed. Stripping of the membrane and reprobing with anti-PIAS3 revealed a similar amount of PIAS3 bound to the beads. The amounts of STAT3 and MITF were detected by probing the lysates with their appropriate antibodies.
To quantitatively assess whether MITF interferes with inhibition of STAT3 transcriptional activity, NIH 3T3 cells were transfected with STAT3 and STAT3 reporter gene (M67), with or without PIAS3, and with different doses of MITF (wild type or S409A). Cells were treated with IL-6/IL-6R for 6 h, and the luciferase activity was measured and normalized against protein concentration. As shown in Fig. 3B , the STAT3 luciferase activity induced by IL-6/IL-6R was substantially reduced in cells transfected with PIAS3 compared to controls. However, presence of wild-type MITF and S409A-MITF decreased the inhibition effect of PIAS3 on STAT3 transcriptional activity in a dose-response manner, with the effect being greater in the mutated MITF.
Constitutively expressed activated STAT3 interferes with the association of MITF with PIAS3. STAT3-C is a constitutively activated form of STAT3 that was constructed by the substitution of two cysteine residues for A661 and N663, which are within the C terminus loop of the SH2 domain (3). These mutations enable STAT3 to dimerize without phosphorylation at Y705. We hypothesized that this constitutively activated STAT3 would interfere with the association between MITF and PIAS3. Thus, STAT3-C Flag-tagged, MITF, and PIAS3-GFP were transfected to NIH 3T3 cells, and the STAT3-Y705F-Flag-tagged construct was used as a control. This construct cannot be phosphorylated at tyrosine 705 and can hardly dimerize (25) . The cells were lysed; lysates were immunoprecipitated with anti-GFP and immunoblotted with anti-Flag antibody. As shown in Fig. 4A , there was a significant increase in PIAS3-GFP protein bound to the STAT3-C mutant compared to that bound to the Y705F-STAT3 mutant. Furthermore, a decrease in the association of PIAS3 with MITF was observed Stripping of the membrane and reprobing with anti-GFP revealed a similar amount of GFP-PIAS3 bound to the beads. Western blots of the lysates that were probed with anti-MITF or anti-Flag showed the same amounts of the transfected proteins as control. In order to find out whether STAT3-C interferes with the MITF transcriptional inhibitory effect induced by PIAS3, NIH 3T3 cells were cotransfected with MITF luciferase reporter plasmid containing the mouse mMCP6 promoter, STAT3-C, or its control, with or without PIAS3. No significant differences were observed in the relative luciferase activity of MITF in cells that were transfected with STAT3-C compared to cells transfected with Y705F-STAT3 (Fig. 4B) . However, when PIAS3 was transfected to the cells, a twofold induction in the relative luciferase activity of MITF was observed in cells transfected with STAT3-C compared to those transfected with Y705F-STAT3 mutant. The minimal transcriptional activity of STAT3 constructs on mMCP6 promoter is also shown (Fig. 4B) .
Colocalization of PIAS3, STAT3, and MITF in NIH 3T3 transfected cells. The in vivo interactions between PIAS3, MITF, and STAT3 were determined in NIH 3T3 cells stimulated with IL-6/IL-6R by using confocal laser scanning. The cells were cotransfected with GFP-PIAS3, MITF, and Flagtagged STAT3. Resting and activated cells were fixed and stained with mouse anti-MITF and rabbit anti-Flag, which were detected by staining with rhodamine-conjugated goat anti-mouse and Cy5-conjugated goat anti-rabbit antibodies, respectively. As shown in Fig. 5A , MITF and PIAS3 in resting cells were colocalized in the nucleus, whereas most of the Flag-tagged STAT3 was detected in the cytoplasm. IL-6/IL-6R treatment induced all three proteins to colocalize in the nucleus (Fig. 5A) .
We further investigated the interactions between PIAS3, MITF, and the STAT3 Flag-tagged mutants, STAT3-C and Y705F-STAT3. As shown in Fig. 5B, PIAS3 and MITF colocalize in the nucleus, whereas Y705F-STAT3 was detected predominantly in the cytoplasm. Cells that were transfected with STAT3-C showed colocalization between PIAS3, MITF, and STAT3-C in the nucleus.
In order to quantitatively assess the localization of the different proteins and the degree of their colocalization in NIH 3T3 cells, we used a MATLAB program by using mainly the image-processing tool. Twenty color images were split into their three components: red, green, and blue. We then selected the identical area of interest in all three components for statistical comparisons and determined the localization of the STAT3 protein. As shown in Fig. 5C , STAT3 is predominantly localized in the nucleus after the IL-6/IL-6R treatment, as observed for STAT3-C, whereas the Y705F-STAT3 mutant shows less localization in the nucleus.
Interactions between PIAS3, STAT3, and MITF in mast cells. The phosphorylation of endogenous MITF at Ser409 upon BMMC stimulation by either IL-6/IL-6R or SCF was studied. Cells deprived from IL-3 for 4 h were activated either by SCF or IL-6/IL-6R for 30 min. MITF was immunoprecipitated with anti-MITF and immunoblotted with anti-pSer and anti-RSK. MITF was previously shown to be phosphorylated at Ser409 by RSK (46) . As shown in Fig. 6A , an increase in serine phosphorylation of MITF was observed in cells activated with either SCF or IL-6/IL-6R. Moreover, an increase in the association of MITF with RSK was observed after cells were activated with either SCF or IL-6/IL-6R.
Stripping of the membranes and reprobing with anti-MITF revealed a similar amount of MITF bound to the beads. The same amount of RSK was detected in each of the lysates, as revealed by probing the lysates with anti-RSK as a control (not shown). In order to investigate the interactions between STAT3, PIAS3, and MITF in mast cells, the cells were lysed, and PIAS3 was immunoprecipitated with anti-PIAS3 and immunoblotted with anti-MITF and anti-STAT3 antibodies. As shown in Fig.  6B , an increase in the association of PIAS3 and STAT3 was observed after activation of mast cells with either SCF or IL-6/IL-6R. A decrease in the association between PIAS3 and MITF was observed after activation of the cells with the same cytokines. Stripping of the membranes and reprobing with anti-PIAS3 antibody revealed a similar amount of PIAS3 bound to the beads. The same amount of MITF or STAT3 was detected in each of the lysates, as revealed by probing the lysates with anti-MITF and anti-STAT3 as a control.
We have recently reported that the zip domain in MITF is responsible for its binding with PIAS3 by using BMMC derived from either wild-type mice or MITF di/di mice (28) . The association between PIAS3 and STAT3 was then determined in BMMC derived from these MITF-Zip domains in truncated mice. PIAS3 was immunoprecipitated from SCF-activated cells by using anti-PIAS3 and immunoblotted with anti-MITF and anti-STAT3. As expected, a decrease in the association between PIAS3 and MITF was observed in SCF-activated cells derived from the wild-type mice. However, in BMMC derived from MITF di/di mice almost no association between PIAS3 and MITF was observed, whereas an increase in the association of PIAS3 and STAT3 was observed.
Real-time PCR was performed in order to investigate the role of MITF-PIAS3-STAT3 interactions on the transcriptional regulation of genes that are known to be regulated by these two transcription factors (1, 3, 10, 20, 21, 39) . SCFactivated BMMC were derived from either wild-type mice or MITF di/di mice. The real-time PCR analysis clearly shows that the expression of MITF target genes (c-kit and tryptophan hydroxylase) and STAT3 target genes (c-Myc and VEGF) were significantly elevated upon SCF stimulation ( Fig. 6D and E) . No such elevation was observed in MITF target genes, as well as in STAT3 target genes in SCF-activated BMMC derived from MITF di/di mice. This suggests that PIAS3 that cannot bind MITF in these cells is accessible for binding and therefore inhibition of STAT3.
Interactions between PIAS3, STAT3, and MITF in melanoma cells. Interactions in vivo between PIAS3, MITF, and STAT3 were determined in B16 melanoma cells stimulated with IL-6/IL-6R by using confocal laser scanning. The cells were cotransfected with GFP-PIAS3, MITF, and Flag-tagged STAT3. Resting and activated cells were fixed and stained with mouse anti-MITF and rabbit anti-Flag antibodies, which were detected by staining with rhodamine-conjugated goat antimouse and Cy5-conjugated goat anti-rabbit antibodies, respectively. As shown in Fig. 7A , MITF and PIAS3 in resting cells were colocalized in the nucleus, whereas most of the Flagtagged STAT3 was detected in the cytoplasm. IL-6/IL-6R treatment induced STAT3 to colocalize with PIAS3 and MITF in the nucleus.
In order to investigate the interactions between endogenous STAT3, PIAS3, and MITF in B16 melanoma cells, cells were activated with IL-6/IL-6R for 30 min and lysed, and PIAS3 was immunoprecipitated with anti-PIAS3 and immunoblotted with anti-MITF or anti-STAT3 antibody. As shown in Fig. 7B , an increase in the association of PIAS3 and STAT3 was observed after activation of melanoma cells with IL-6/IL-6R. A decrease in the association between PIAS3 and MITF was observed after activation of the cells with the same cytokine. Stripping of the membranes and reprobing with anti-PIAS3 revealed a similar amount of PIAS3 bound to the beads. The same amount of MITF or STAT3 was detected in each of the lysates as revealed by probing the lysates with anti-MITF and anti-STAT3 as a control.
Real-time PCR was then carried out in melanoma cells in order to explore the role played by MITF-PIAS3-STAT3 interactions on MITF and STAT3 transcriptional activity. The accumulation of mRNAs of Bcl-XL (STAT3 target gene [2] ) and Bcl2 (MITF target gene [31] ) in cells transfected with STAT3-C or MITF was tested. Constructs were GFP labeled, and fluorescence analysis of the transfected cells revealed 75% efficiency in the transfection. The real-time PCR analysis clearly shows that the expression of Bcl2 was upregulated in STAT3-C-transfected cells and that Bcl-XL was upregulated in MITF-transfected cells (Fig. 7C and D) . As a control we used the S409D-MITF mutant. Such an amino acid substitution of serine by aspartate was used to mimic the charge brought by the phosphate group (18, 45) . This mutated MITF was previously shown to cause a significant decrease in the association between PIAS3 and MITF, although it has normal transcriptional activity and function (28) . In S409D-MITF-transfected cells, almost no increase in Bcl-XL mRNA levels was observed. This suggests that MITF enhances STAT3-mediated transcriptional activation via its association with PIAS3.
DISCUSSION
We have presented here experimental evidence regarding the functional cross talk between MITF, PIAS3, and STAT3. Our results suggest that STAT3 acts in an indirect manner as a regulatory factor of MITF transcriptional activity. We showed that, upon IL-6/IL-6R or SCF activation, PIAS3 is mobilized from MITF to the activated STAT3 due to the phosphorylation of MITF at S409.
Such interplay of PIAS3 with other proteins has previously been reported. PIAS3 was found to interact with another zinc finger protein, Gfi-1 (38) . This association enhances STAT3-mediated transcriptional activation in T cells. Furthermore, PIAS3 can serve as an enhancer by its association with androgen receptor, which activates its transcriptional activity in the human prostate (11) .
The PIAS family of proteins contains several conserved domains: the SAP domain, which is required for repression of STAT1 by PIASy (30); the Miz-Zn finger/RING domain, which is essential for SUMO ligase activity (22) ; and the PINIT motif, which is required for nuclear retention of PIAS3 (6) . In the present study, we showed that PIAS3 directly and specifically interacts with MITF and STAT3 via the same motif of 70 amino acids, which is located at the N terminus of the newly defined "PINIT" domain.
Previously, we showed that phosphorylation of MITF at S409 caused the dissociation of PIAS3 from MITF (28) . Phosphorylation-dephosphorylation plays a major role in the assembly and disassembly of multiprotein complexes. For example, phosphorylation of MITF at S73 triggers the recruitment of the coactivator P300 (44) . In activated melanocytes, an alanine substitution at either S73 or S409 produced transcriptionally inactive MITF, whereas mitogen-activated protein kinase and Rsk-1, which phosphorylate MITF at S73 and S409, respectively, promote its activation, followed by its degradation (14, 46) .
Here we have shown that activation of NIH 3T3 cells by IL-6/IL-6R leads to the phosphorylation of MITF at the same S409 and thus to the dissociation of PIAS3 from MITF. Furthermore, when NIH 3T3 cells were transfected with the MITF-S409A mutant, there was no increase in STAT3-PIAS3 interactions upon IL-6/IL-6R activation. These results emphasize the biological importance of MITF phosphorylation at S409 in the cross talk between MITF, PIAS3, and STAT3 in cells activated by variety of stimuli.
Since NIH 3T3 cells, B16 melanocytes, and BMMC contain low amounts of IL-6R but do express the gp130 receptor (3, 12) , we used the IL-6/IL-6R chimera as a ligand for our experiments. This chimera has been shown to associate with the membrane surface-expressed gp130 receptor in melanocytes and leads to the activation of intracellular signaling cascade, including the JAK/STAT pathway and the mitogen-activated protein kinase pathway (16). Kamaraju's group have demonstrated that the activation of melanoma cells with the IL-6/ IL-6R chimera caused a loss of expression of MITF mRNA (24) . This might be considered a cellular mechanism of modulating the posttranslational regulation of MITF expression caused by IL-6/IL-6R stimulation.
Constitutively activated STAT3 has been found in diverse cancer cell lines and tumor tissues (2, 3, 10) . Various features of constitutively activated STAT3 may contribute to the increase in MITF transcriptional activity found in a variety of melanomas (5) since activated STAT3 might induce the recruitment of PIAS3 into the STAT system and thus indirectly increase the transcriptional activity of MITF. Vice versa, the observation that MITF enhances STAT3-mediated transcriptional activation could offer an explanation of the indirect oncogenic potential of MITF via its association with PIAS3.
Using confocal laser-scanning microscope, we observed that in resting cells MITF and PIAS3 were colocalized in the nucleus, whereas most of Flag-tagged STAT3 was detected in the cytoplasm. IL-6/IL-6R treatment induced all three proteins to colocalize in the nucleus in dotted complexes. Such triple colocalization does not necessarily mean direct interaction, although these results suggest that the cross talk between these three proteins occurs in close proximity. In this context, it is important to mention that no direct interaction between MITF and STAT3 was observed by coimmunoprecipitation or pulldown assay (27) . Therefore, our results suggest that MITF-STAT3 colocalization is due to their interaction with PIAS3.
STAT3 participates in signal transduction pathways activated by the IL-6 family of cytokines in the hematopoietic system. STAT3 signaling has been shown to prevent programmed cell death and enhance cell proliferation through regulating genes involved in cell growth and apoptosis, including Bcl-XL, Mcl-l, c-Myc, and cyclin D1 (1, 3, 10, 39 ). IL-6 was found to be important for human mast cell survival (47) , and an active (phosphorylated) form of STAT3 is presented in activated or transformed human mast cells (7, 29) . The ability of activated STAT3 to enhance MITF activity by recruiting PIAS3 might play an important role in mast cells, since MITF has an essential role in mast cell function and development (23, 26, 34 ). An in-depth study is essential to reveal in detail the biological pathways in which STAT3 is involved in activated mast cells.
In conclusion, we suggest that the activation of MITF by phosphorylation at S409 leads to the release of PIAS3, which then potentially can bind to STAT3. Such activation by IL-6/ IL-6R or SCF leads to fine-tuning the regulation of these transcription factors by shuttling of PIAS3 from MITF to STAT3, as shown in our model (Fig. 8) . 
